ABSTRACT
Epstein-Barr virus (EBV) transforms human blood leukocytes into continuous lines of lymphoblastoid morphology in cell culture (1) (2) (3) (4) . An important question about these EBVinduced changes in human cell growth is "Do they represent induction of oncogenic potential in the blood leukocytes?" One experimental approach to the problem is to test the transformed cells for their capacity to cause lymphoproliferative disease in laboratory rodents, as has been done with leukocytes derived spontaneously from patients with leukemia, Burkitt lymphoma, or infectious mononucleosis. While certain human lymphoblastoid cell lines multiply in vivo in immature or immunosuppressed hosts, the proliferating cells retain human chromosomal and antigenic characteristics (5) (6) (7) , and thus are heterotransplants. Another line of experimentation that might more closely approximate the situation in nature is the transformation of cells from a laboratory animal in vitro with EBV and, ultimately, the evaluation of the oncogenic potential of these cells in autologous hosts. As a preliminary step a method has been developed for establishment of lymphoblastoid cell lines from leukocytes of two species of South American primates: Saimiri sciureus, the squirrel monkey, and Saiguinus oedipus, the cotton-top marmoset. Studies of the morphology of the simian lymphoblastoid cell lines (SLCL) and of the distribution of EB antigen in them have revealed some unique features of the SLCL, by comparison with EBV-transformed human leukocytes.
METHODS
Virus. EBV was obtained from a human lymphoblastoid cell line (883L) derived from a patient with transfusioninduced infectious mononucleosis (8) . The 883L cells were disrupted by three cycles of freezing and thawing (107 cells/ ml) in spent medium; the extract was centrifuged at 400 X g for 15 min; and the supernatant fluid was filtered through a 0.8-pm Millipore filter. The factor in these filtrates that Abbreviations: EBV, Epstein-Barr virus; SLCL, simian lymphoblastoid cell lines; TD5o, median transforming dose.
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is capable of transforming human leukocytes is neutralized by convalescent sera from patients with infectious mononucleosis, but is unaffected by pre-illness sera from the same patients (9) .
Cell Cultures and Media. All lymphoblastoid cell lines were maintained on medium RPMI 1640 (Grand Island Biological Co., Grand Island, N.Y.) with 10 or 20% fetal bovine serum; penicillin (100 units/ml), streptomycin, (100 jig/ml); and amphotericin B (1.0 jg/ml). Transformation assays were performed in the same medium. Cell strains of human placental fibroblasts established on Eagle's Basal medium plus 10% fetal bovine serum and antibiotics (as above) were used as "feeder layers" in the transformation assays (10 (4) . 50 Cells of each line were studied. The morphology of SLCL cells was studied in the following manner: Cells were centrifuged from the culture medium RPMI 1640 plus 10%0 fetal' bovine serum and resuspended at a density of 5 X 106 cells/ml in Eagle's minimal essential medium plus 5% fetal bovine serum. In Eagle's medium, many cells adhered firmly to glass and were fixed with Bouin's fixative, embedded in collodion, and stained with hemotoxylin and eosin (11) . Suspended cells were processed for electron microscopy by standard methods (23) .
Tests for EBV Antigens and Antibody to EBV. Simian lymphoblastoid cell lines (SLCL) were tested for EBV antigens by complement fixation and by the indirect immunofluorescent technique of Henle and Henle (12) . Complement fixing antigens were prepared by washing SLCL three times in veronal buffered saline with 0.1% bovine serum albumin, and freezing and thawing of 108 cells/ml in veronal buffered saline plus 0.1% bovine serum albumin (13) . This t Added 1.0 ml of leukocytes (4 X 105-2 X 106 cells) plus phyytohemogglutinin to feeder layers (as in *); after 3 days, added 0.5 ml of virus filtrate and 0.5 ml of medium containing phytohemagglutinin.
Pretreated leukocytes with phytohemagglutinin for 5 days; 0.5 ml of leukocytes (3-7 X 106 -cells) were mixed with 0. Human sera with and without EBV antibody were used to neutralize infectivity.
RESULTS
Transformation ofSquirrel Monkey and Marmoset Leukocytes. In three experiments, SLCL were established in leukocyte cultures that were exposed to EBV from four adult squirrel monkeys and from one cotton-top marmoset; no cell lines were derived in cultures without added EBV (Table 1) . Only 5 of 26 squirrel monkey cultures (from six monkeys) and one of six marmoset cultures (from two monkeys) were transformed, in comparison to transformation of all seven human cultures that were exposed to EBV (from one subject). Transformation appeared later in the monkey cells than in the human cells. In these preliminary experiments, SLCL were not formed after exposure of owl monkey or cebus monkey leukocytes to EBV.
Chromosome Studies of the Transformed Lines. Karyotypes of four lines derived from squirrel monkey leukocytes and of the single marmoset line showed chromosome numbers and morphology characteristic of each species (17, 18) . The squirrel monkeys had a chromosome number of 2n = 44. The karyotype of a normal cell from line B84-15 was identical with that of cells obtained from a primary culture of peripheral leukocytes of the same animal. Aneuploidy ranged from 6 to 42% in the four lines; it was mainly due to loss of chromosomes. Dicentric chromosomes were noted in all four lines, the incidence ranging from 2 to 12%; a few chromatid breaks were also noted. The marmoset line (B95-8) showed a chromosome number of 2n = 46, with an aneuploidy of 16%. There were eight chromatid breaks, but no dicentrics or other chromosome type abberations were found.
Morphology of the Transformed Simian Cells. B84-15 (squirrel monkey) and B95-8 (marmoset) lines were used in the remaining studies. The two SLCL were subcultured as suspended cells and cell clumps in medium RPMI 1640. However, when cells were transferred to Eagle's minimal essential medium with Earle's salts and 5% fetal bovine serum, a proportion of cells in the SLCL attached to glass. (Fig. 2) . Viral particles resembling herpesvirus were seen in the nucleus of 9 of 174 cells (5%) of the B95-8 line by electron microscopy (Fig. 3) (20) . It is of note that giant cells made up from cells that possess and cells that do not possess T-antigen of SV40 are T-antigen positive (21) . Third, a small amount of infectious virus released by a few cells in the culture may be selectively taken up by "spontaneous" cell-fusion and replicate in the fused cells, but not in the unfused cells that may have a barrier to viral entry. This theory is based on the experimental observations of Tegtmeyer and Enders (22) , who found that feline herpesvirus replicated to the state of induction of intranuclear inclusions (but not to the point of production of infectious viral particles) in human cells when infection by the cat herpesvirus was accompanied by cell fusion that was affected by Sendai virus.
Transformation of new world primate leukocytes by EBV appears to hold promise as an experimental tool for the study of the "tumorigenicity" of EBV as well as for the study of the EBV-cell relationship. Experiments are in progress for the determination of the oncogenic potential of the transformed cells in autologous hosts.
